Study Design: Cross-sectional. Objectives: To determine whether frequency of training is related to self-reported lower psychological distress, defined as depressive symptomology and perceived stress, among the US male wheelchair rugby athletes with tetraplegia. Setting: United States. Methods: Survey data were collected on a convenience sample at wheelchair rugby tournaments from January-April 2016. Participants self-reported depressive symptomology (CES-D-10), perceived stress scale (PSS), and frequency of rugby practice. Covariate-adjusted regression models were conducted among the full sample and a subsample of individuals who reported spinal cord injury (SCI) as the nature of their disability. Results: Participants included 150 males with tetraplegia, and 87% identified the nature of their disability as SCI. Participants were primarily Caucasian with an average age of~35 years. Participants scored low on measures of depressive symptomology (mean = 5.63; s.d. = 4.35) and perceived stress (mean = 4.63; s.d. = 2.73). Sixty-seven percent of the participants practiced two or more times per week. Results of the main analyses indicated that practicing wheelchair rugby two times or more (compared to once a week or less) was significantly associated with lower depressive symptomology and perceived stress among the full sample and subsample of individuals with SCI. Conclusions: Greater frequency of wheelchair rugby participation was associated with lower levels of psychological distress. Future research should examine the directional and mechanistic relationship between frequency of sports participation and psychological distress to inform the benefits of adaptive sport. Spinal Cord (2017) 55, 957-962; doi:10.1038/sc.2017.40; published online 16 May 2017 INTRODUCTION Individuals with physical disabilities report higher levels of depression and psychological trauma and lower levels of life satisfaction 1,2 than people without disabiltiies. Studies focused on populations with disabilities suggest that~50% experience clinically significant depressive symptoms 3-6 compared to roughly 7% of people without disabiltiies. 7 In addition, stress and depression show strong positive associations in disabled populations. 8, 9 Psychological distress is a general term often used in psychology that encompasses the emotional state experienced by individuals in response to a harmful stressor whether temporary or permanent including both depressive symptomology and stress. 10 Understanding the factors related to reduced incidence of psychological distress in disabled individuals, such as sport participation, may have ultimately have implications for rehabilitation services.
INTRODUCTION
Individuals with physical disabilities report higher levels of depression and psychological trauma and lower levels of life satisfaction 1,2 than people without disabiltiies. Studies focused on populations with disabilities suggest that~50% experience clinically significant depressive symptoms [3] [4] [5] [6] compared to roughly 7% of people without disabiltiies. 7 In addition, stress and depression show strong positive associations in disabled populations. 8, 9 Psychological distress is a general term often used in psychology that encompasses the emotional state experienced by individuals in response to a harmful stressor whether temporary or permanent including both depressive symptomology and stress. 10 Understanding the factors related to reduced incidence of psychological distress in disabled individuals, such as sport participation, may have ultimately have implications for rehabilitation services.
In the United States today there are~276 000 people living with spinal cord injuries (SCI) with~80% of those individuals being men. 11 Similar to the effects of sports participation among individuals without physical disabilities, 12 participation in adaptive sports in general has a positive impact on psychological status. [13] [14] [15] Physical activity, exercise and sport participation among individuals with SCI have positive impacts on mental health, social relationships, employment status and community integration, all of which can enhance quality of life and independence in the performance of daily activities. [16] [17] [18] [19] [20] Individuals with SCI who play sports at a higher level also exhibit markedly better psychological profiles. 21, 22 Further, time spent participating in sports may have an impact on psychological distress. In a study by Muraki et al., 23 higher frequency of sports activity indicated lower scores of depression and trait anxiety among Japanese athletes with SCI across various sports. However, frequency of sport activity has not been investigated among a US sample, where access and availability to social services differs from Japan. While Muraki et al., 23 focused on various sports activity, which provides the opportunity for a greater measure of frequency of physical activity, it does not pinpoint the effects of frequently participating in one sport, such as wheelchair rugby, which was designed for individuals with tetraplegia and primarily draws individuals with SCI. Understanding the effects of frequently participating in one sport is beneficial due to the monetary cost of participating in multiple adaptive sports. 24 The current study aim is to gain a better understanding of the effect of sports participation on psychological distress indicators. To address this aim, we examined the relationship between frequency of practicing wheelchair rugby on self-reported measures of depressive symptomology and perceived stress among US male wheelchair rugby athletes with tetraplegia when controlling for appropriate sociodemographic and injury-related factors. On the basis previous research, 14, 16, 22, 23 we hypothesized that athletes who engage in more frequent wheelchair rugby practice will score lower on self-report measures of depressive symptomology and perceived stress. The current study contributes to the literature by focusing on frequency of participating in one sport (wheelchair rugby) among a US sample. We build on the Muraki et al., 23 study, which did not include demographic and injury covariates that literature shows are correlated with frequency of practicing wheelchair rugby and depressive symptomology and stress. It is necessary to include these variables in regression models as the relationship between frequency of wheelchair rugby participation and psychological distress could be entirely accounted for by the influences of the demographic and injury variables. A significant negative association between practice frequency and psychological distress measures could have implications for designing future studies on sport participation and psychological distress among populations with tetraplegia.
MATERIALS AND METHODS Participants
The Health among Athletes with Disabilities study was designed to examine the psychosocial health of wheelchair rugby athletes. Participants included a sample of adult male wheelchair rugby athletes from across the United States. The approximate number of athletes participating in wheelchair rugby at time of data collection on a team roster in the United States Quad Rugby Association was 600. This sample included a range of athletes from national level competitors to individuals playing for less than 6 months at developmental tournaments. Inclusion criteria included men 18 years or older, identify as having tetraplegia, and involvement in a competitive wheelchair rugby league as part of a team. On the basis of personal communication with the President of the International Wheelchair Rugby Federation (IWRF) only 36 women are currently on the roster of all the US teams, which averages about one woman per team (R Lujano, personal communication, 4 April 2015); the authors believe this is a unique population that needs to be studied separately. Participants were involved in tournaments from January-April 2016. Participants were recruited during recreation time and between games. Informed consent was obtained from all participants prior to completing questionnaires. The study was approved by the University of Houston (omitted for review)'s Institutional Review Board.
Measures
Depression. Self-report depressive symptomology was measured using 10-items from the Center for Epidemiological Studies Depression Scale (CES-D-10). 25 The CES-D-10 has been found to be reliable and valid among individuals with SCI. 25 Responses to each item range from 0 = Rarely or none of the time (less than 1 day) to 3 = All of the time (5-7 days), with a possible total range of 0-30. Items are summed and higher scores indicate the presence of greater symptomatology. When using the CES-D-10, a cutoff score of 10 has been used in previous literature 25, 26 to recommend further assessment for clinical depressive symptomology.
Perceived stress. The perceived stress scale (PSS) is a four-item self-rating scale designed to assess the degree to which respondents perceive their lives to be stressful in the past month. 27 (For example, 'In the last month, how often have you felt that you were unable to control the important things in your life?'). Items are rated on a five-point scale from 0 = never to 4 = very often, and total scores may range from 0 to 16. Higher scores indicate greater perceived stress. The Cronbach's alpha for the PSS in this sample was .66. Similar to previous published studies focused on vulnerable populations, this scale was modified to assess perceived stress over the past week. 28 Frequency practicing wheelchair rugby. Frequency practicing rugby was measured using a multiple choice question, 'How often do you practice rugby while in season?' Answer choices included: less than once a month, once a month, once a week, two times a week and more than 2 times a week. Answer choices were dichotomized to 'once a week or less' versus 'two or more times a week' based on prior work in sports participation research and evidence of the benefits of engaging in exercise training two times per week in adults with SCI. 29, 30 Demographic characteristics were collected regarding age (years), race (white vs minority), education (less than an associate's degree vs associates degree or more), employment (employed vs unemployed), marital status (married/cohabitating vs single), household income (⩽ $74 999 vs ⩾ $75 000), number of adults residing in household, time post injury (years), SCI status (not a spinal cord injury vs spinal cord injury), participation in sports before injury (no vs yes), and IWRF functional classification (low functioning 0.5-1.5 vs high functioning 2.0-3.5). 31 The IWRF classification is a point-based measure of muscle and functional ability of athletes; higher values indicate higher functioning. All IWRF classifiers are trained in a certified protocol. 31 
Procedure
All athletes attending wheelchair rugby events were given the option to complete a survey that included items regarding demographics, rugby involvement and psychosocial information. Trained research assistants administered all questionnaires at tournament locations. Paper and pencil questionnaires were used for the data collection. Participants were seated in a quiet area and asked to answer all questions to the best of their ability and understanding on their own or with a research assistant helping with written responses. Average total time to complete the full survey was 20 min, survey included other measures as part of a larger study outside the scope of this research question.
Statistics
All analyses were performed using IBM SPSS Statistics for Windows, Version 22 (SPSS Inc., IBM Corp., Armonk, NY, USA, 2013). Data were tested for skewness and met all assumptions. The primary independent variable of interest was frequency of rugby practice and primary dependent variables of interest self-report CES-D-10 depression score and PSS perceived stress score. To test hypotheses, linear regressions were used to test the association between (a) frequency of practice and depressive symptomatology and (b) frequency of practice and perceived stress; each adjusted for age, race, education, employment, marital status, household income, number of adults in the household, time post injury, SCI status, and IWRF functional classification. Because of the etiology of disability, individuals with SCI often vary from individuals with other disabilities, specifically congenital disabilities, on measure of psychological distress and adjustment. 21 For that reason two additional separate linear regression analyses were conducted on a subsample of individuals who reported SCI as the nature of their disability (n = 130).
RESULTS

Sample characteristics
Participants included 150 men with tetraplegia. Participants were 34.7 (s.d. = 8.56) years old on average (Table 1) Further, 67% of the athletes were participating in wheelchair rugby practice two or more times per week. Table 2 indicates that athletes participating in rugby two or more times per week scored significantly lower on self-reported depressive symptomology (mean = 5.17; s.d. = 4.03) compared to athletes practicing once a week or less (mean = 6.54; s.d. = 4.83; Po0.10). In addition, athletes participating in rugby two or more times per week scored significantly lower on self-reported perceived stress (4.19; s.d. = 2.59) compared to athletes practicing once a week or less (mean = 5.50; s.d. = 2.81; Po0.01).
Results of the main analyses indicated that practicing wheelchair rugby two times or more (compared to once a week or less) was significantly associated with self-reported depressive symptomology (β = − 1.80, confidence interval (CI) = − 3.37 to 0.23, Po0.05) (Table 3) . Therefore, depressive symptomology scores for individuals participating in rugby two or more times per week were on average 1.8 points lower. These estimates are associated with uncertainty as reflected in the 95% CI. Income was negatively associated with lower self-reported depressive symptomology scores, in which those with an income over $75 000 scored significantly lower. Practicing wheelchair rugby two times or more (compared to once a week or less) was significantly related to lower levels of self-reported perceived stress (β = − 1.69, CI = − 2.6 to − 0.72, Po0.001) in adjusted analyses. That is, perceived stress scores for individuals participating in rugby two or more times per week were on average 1.7 points lower. These estimates are associated with uncertainty as reflected in the 95% CI. Several covariates were marginally associated with perceived stress. For example, having an associate's degree or more and income over $75 000 were both related to lower self-reported perceived stress. Higher functional status (that is, IWRF classification of 2.0-3.5) was associated with higher self-reported perceived stress. Associations between frequency of practicing wheelchair rugby and self-reported depressive symptomology (β = − 1.69, CI = − 3.39 to 0.21, Po0.10) and perceived stress (β = − 1.77, CI = − 2.8 to − 0.74, Po0.001) were consistent in subsample of 130 athletes with SCI as their nature of disability (Table 4) .
DISCUSSION
Building on Muraki et al., 23 the purpose of this study is to gain a better understanding of the effect of sports participation on psychosocial indicators of health in US males with tetraplegia. Results supported the hypothesis that athletes who engage in more frequent practice score lower on measures of psychological distress when controlling for appropriate sociodemographic and injury-related factors. Psychological distress is extremely common after SCI, with~50% of the population with SCI reporting clinically significant symptomology. 5, 6 However, among the current study sample findings indicate that scores for depressive symptomology were lower than the overall population with SCI with only 17% of participants scoring over the clinically significant cutoff of 10. Scores of self-report perceived stress were slightly higher than non-disabled populations. Normative sample scores for perceived stress in the non-disabled population are 4.49 (s.d. = 4.96), and our sample reported average scores 4.63 (s.d. = 2.73). 32 Although the literature has shown individuals with disabilities typically report high levels of psychological distress, the scores in the current sample of men with tetraplegia were slightly higher but relatively comparable to the non-disabled general population.
Athletes who practiced wheelchair rugby two or more times per week scored significantly lower on measures of both self-reported depressive symptomology and perceived stress. This is a contribution to the literature indicating that time involved in sport may impact psychological status and should be further examined longitudinally. This study is the first to use practice frequency in wheelchair rugby in a multivariate regression model predicting psychological distress. The results for the full sample and subsample of individuals with SCI indicated that practicing wheelchair rugby two or more times per week was associated with lower measures of self-reported psychological distress. Previous work in this area has focused primarily on sports participation or non-participation as well as differences between sports and specific exercise protocols. [13] [14] [15] 29, 33, 34 Results provide a new perspective exploring the frequency of sport participation and psychological distress, which may inform researchers and practitioners on factors related to positive mental health status in individuals with tetraplegia. The cross-sectional nature of the data does not provide us the opportunity to assess the directionality of the relationship between frequency of practicing wheelchair rugby and self-reported measures of psychological distress among individuals with tetraplegia, but it does appear that these factors may be contributing to lower psychological distress scores in this sample compared to a general disabled population. 35, 36 The positive association may be derived from social support from teammates, 37 and improved functional ability and general health status. 29, 33, 34 Specifically, previous work shows distinct themes in wheelchair rugby player experiences including 'it is okay to be a quad, do not tell us we cannot and the power of wheelchair rugby,' which may influence feelings of community membership, self-confidence, fulfillment of needs, and provide emotional connections. 37 Future work is needed to better understand which aspects of frequently being involved in a team sport may be contributing to psychological status, including the direction of this relationship and key mechanisms (for example, physical activity versus social support).
Higher levels of education and household income were related to lower psychological distress scores in this sample. This sample was educated (associates or greater: 63%) and moderately affluent ($75 000 or higher: 43%). More educated individuals may have greater resources, which provides them the opportunity to obtain mental health assistance. On the other hand, wheelchair rugby participation may have assisted individuals in engaging in education and community opportunities, contributing to lower psychological distress.
Further, participating in multiple adaptive sports is generally not feasible for many individuals with tetraplegia because purchasing and maintaining the necessary sport-related equipment is costly. 24 Results suggest wheelchair rugby may be a viable option to maintain a healthy mental status for individuals who are able to only participate in one sport following SCI. The relatively low frequency (two or more times) is also a benefit for those who have barriers to accessing equipment and/or facilities to play the sport.
In addition to the limitations stated above, this study is based on a convenience sample and lacks a control group or randomization to groups. Results for psychological distress scores are compared to previous research in general population with SCI and other disabilities. However, a controlled research study of the current population with SCI would widen the scope of our understanding of the impact of frequent sport participation on mental health following a SCI. Further, state-dependent psychological variables related to engaging in competitive activity such as team comradery and game outcomes may have impacted the participants' motivation to complete survey data or influenced their survey responses. It is possible that individuals with better psychological status are more likely to train in sport more often; control of confounding variables is not possible and causal inferences cannot be determined due to the cross-sectional, self-report nature of this study. Additionally, a measure of psychological treatment was not included and would be beneficial in future studies as a potential confounder. Despite the limitations, the findings contribute to a scant literature base on the health status of wheelchair rugby athletes, which could aid in designing future research studies among populations with tetraplegia, which could ultimately influence rehabilitation outcomes.
CONCLUSIONS
Overall, scores on indicators of psychological distress were low and participation in wheelchair rugby two or more times a week was associated with better psychological status in adult males with tetraplegia. The next step in research is to understand the directional and mechanistic relationship between frequency of sport participation and psychological distress in order to identify how and if sport impacts mental health status following SCI. This type of research could eventually benefit and increase rehabilitation outcomes and quality of life in individuals with tetraplegia. 
